The main goal of this study is to investigate the application of the probabilistic-based frequency ratio (FR) model in groundwater potential mapping at Langat basin in Malaysia using geographical information system. So far, the approach of probabilistic frequency ratio model has not yet been used to delineate groundwater potential in Malaysia. Moreover, this study includes the analysis of the spatial relationships between groundwater yield and various hydrological conditioning factors such as elevation, slope, curvature, river, lineament, geology, soil, and land use for this region. Eight groundwater-related factors were collected and extracted from topographic data, geological data, satellite imagery, and published maps. About 68 groundwater data with high potential yield values of ≥11 m 3 /h were randomly selected using statistical software of SPSS. Then, the groundwater data were randomly split into a training dataset 70 % (48 borehole data) for training the model and the remaining 30 % (20 borehole data) was used for validation purpose. Finally, the frequency ratio coefficients of the hydrological factors were used to generate the groundwater potential map. The validation dataset which was not used during the FR modeling process was used to validate the groundwater potential map using the prediction rate method. The validation results showed that the area under the curve for frequency model is 84.78 %. As far as the performance of the FR approach is concerned, the results appeared to be quite satisfactory, i.e., the zones determined on the map being zones of relative groundwater potential. This information could be used by government agencies as well as private sectors as a guide for groundwater exploration and assessment in Malaysia.
Introduction
Groundwater is defined as water in the saturated zone (Fitts 2002 ) that fills all the pore space of soils and geologic formations below the water table (Freeze and Cherry 1979) . It is formed by rainwater or snowmelt water that seeps down through the soil and into the underlying rocks (Banks and Robins 2002) . Groundwater is considered as one of the most valuable natural resources (Todd and Mays 2005) due to several qualities such as consistent temperature, widespread availability, excellent natural quality, limited vulnerability, low development cost, and drought reliability (Jha et al. 2007) . Another advantage of groundwater over surface water is that it can be tapped when required, on a stage-by-stage basis, and is less affected by catastrophic events. The yearly consumption of groundwater is assumed to 900 km 3 worldwide, and the global groundwater recharge stand at 12,700 km 3 per year (BGR 2011) . In many countries such as in Germany, the drinking water is mainly tapped from groundwater. In some countries such as Denmark, Lithuania, and Austria, groundwater is the only source for public water supply (BGR 2011) . In a densely populated country like India, groundwater resource is of extremely important (Bhuiyan et al. 2009 ).
In Malaysia, groundwater has become a hot issue especially during the drought period. The Selangor State has experienced long period of drought in the year of 1998 due to El Niño effects (Bachik et al. 1998) . Recently, the government of Malaysia has started an interstate water transfer project from Pahang to Selangor in order to cope with future water demand and supply shortage particularly for the states of Selangor, Kuala Lumpur, and Putrajaya. The total cost of this mega project is about RM 8.2 billion (approximately USD 2.73 billion). The department of mineral and geosciences (JMG) is the leading government agency in groundwater-related studies in Malaysia (Karim 2006) . The department conducts various activities such as groundwater investigation, groundwater development project, and groundwater monitoring program for each state in Malaysia. Other government agencies are also involved in groundwater sector such as Public Works Department (JKR), Drainage and Irrigation Department (JPS), Department of Environment (JAS), and Ministry of Health (KKM). For example, JKR is involved in supplying fully treated water to remote village in rural areas, JPS does water resource management including groundwater management plans, JAS conducted groundwater quality monitoring, and KKM deals with licensing of groundwater sources for mineral water.
Groundwater status in Malaysia shows that less than 10 % of the water usage being developed from groundwater resources with 70 % used for domestic supply, 25 % for industrial supply, and 5 % for agricultural purpose. In addition, about 3,000 groundwater wells are used for human usage in Malaysia (Karim 2006) . Several states such as Kelantan, Perlis, Terengganu, Pahang, Sarawak, and Sabah have used groundwater as water supply for their main source of water supplies (Suratman 2004) . Groundwater is also being exploited by various sectors including factories, estates, and farms as well as private sectors for the commercial production of mineral water (Ocned 2008) . The Selangor Water Management Authority (LUAS) is the state agency which managed the water supply (surface and groundwater), river basin, and coastal zones in the Selangor State. This agency is also drafting legislation on groundwater extraction. Groundwater in Malaysia is categorized as underutilized with only 2 % as compared to other countries such as Thailand (80 %) and China (70 %). This is mainly due to failure to recognize the vast potential of the invisible groundwater resource. According to Karim (2006) , the traditional way of groundwater assessment for alluvial and fractured rock aquifers in Malaysia found not to be so systematic and improper. In addition, traditionally groundwater exploration of hard rock aquifer is mostly done using the wild cat methods. Apart from that, the adhoc studies areas are generally based on demands arise and where sources of groundwater are not developed.
Conventional approach of groundwater exploration using geological, hydrogeological, and geophysical methods normally involved high budget and are uneconomical (Singh and Prakash 2003) due to high cost of drilling and time consuming investigation (Sander et al. 1996) . In addition, these methods of surveys do not always account for the diverse factors that control the occurrence and movement of groundwater (Oh et al. 2011) . Remote sensing technique is popular due to several advantages of spatial and spectral data, having access to large coverage and inaccessible areas with regular revisit capability (Teeuw 1995) . The remote sensing technique also has high ratio of benefit to cost and availability of data in different wavelength ranges of the electromagnetic spectrum. Through digital image processing of the remotely sensed satellite images, the controlling features of groundwater can be identified accurately.
Satellite data provide quick and useful baseline information about the factors controlling the occurrence and movement of groundwater like geology, lithology, geomorphology, soils, land use/cover, drainage patterns, lineaments, etc. (Meijerink 2000) . According to Sander et al. (1996) , the use of remote sensing technique has been proved a very cost-effective approach in prospecting and preliminary surveys. Meanwhile, Hoffmann and Sander (2007) found that remote sensing cannot and will never replace information gathered from the field surveys. Jha et al. (2007) concluded that remote sensing becomes a very handy tool in exploring, evaluating, and managing vital groundwater resources which helps minimize the amount of field data collection. However, it is still essential to verify the accuracy of remote sensing data and their interpretation. Chowdhury et al. (2009) found that the combination of remote sensing, geographical information system (GIS), and global positioning system are efficient techniques for water management with the advent of powerful and high-speed personal computers.
There have been many studies carried out on groundwater potential mapping using remote sensing data and GIS tools. Many papers reviewed the applicability of remote sensing and GIS in groundwater potential mapping (Meijerink 2000; Hoffman and Sander 2007; Jha et al. 2007 ). The most recent review is done by Jasmin and Mallikarjuna (2011) . They reviewed on the application of remote sensing and GIS in the assessment of groundwater potential with particular reference to India. Many of the recent studies have applied index models (Krishnamurthy et al. 1996; Sarkar et al. 2001; Singh et al. 2002; Sarma and Saraf 2002; Jaiswal et al. 2003; Nag 2005; Dissanayake 2006; Solomon and Quiel 2006; Vijith 2007; Mondal et al. 2007; Muthikrishnan and Manjunatha 2008; Prasad et al. 2008; Madrucci et al. 2008; Dar et al. 2011) . In a recent paper, Magesh et al. (2012) performed weighted overlay analysis using a multi-influencing factors and assigned weights to various groundwater influencing factors. The analytic hierarchy process model has also been applied to groundwater potential mapping (Goyal et al. 1999; Phukon et al. 2004; Chowdhury et al. 2009; Pradhan 2009 ). Shahid et al. (2002 used fuzzy logic approach to delineate groundwater potential zones. Recently, GIS mapping of groundwater potential using frequency ratio of probability models have been conducted by Oh et al. (2011) . Similarly, Ozdemir (2011) performed a comparison between frequency ratio, weights of evidence, and logistic regression in mapping groundwater spring potential in a study area in Turkey.
In the aforementioned literature, it is possible to notice that not much work has been done on the groundwater potential mapping in Malaysia. In this paper, probabilitybased frequency ratio model was used to map the groundwater potential zones for the area of Langat basin, Malaysia. The relationships between groundwater yield and its hydrological factors including digital elevation model (DEM), slope, lineament, geology, soil, curvature, river, and land use was also studied. The output of this paper may provide technical support to government agencies as well as private sectors for groundwater exploration and assessment in Malaysia.
Study area and hydrogeological setting
The study area (Fig. 1) is located approximately between upper left (3°45′ 18.5″ E and 101°3′ 36.3″ N) and lower right (3°23′ 53.6″ E and 101°30′ 55.33″ N) with an area about 2,100 km 2 . The area is located within the southern part of Selangor State and northern part of Negeri Sembilan. It includes several districts such as Kuala Langat, Sepang, Hulu Langat, and part of Seremban District. The major land use in the study area consists of built-up area, mining, rubber, oil palm, plantation, grassland, forest, and swamps. The topography of the area ranges from flat lowlands, especially from the downstream to upstream of hilly and mountains area for the natural forest ranging between 0 and 1,440 m a.s.l. The highest point is Gunung Nuang at 1,495 m a.s.l. The river system consists of Langat River and its main tributary, the Semenyih River. Other streams tributaries of Langat Basin are Congkak River, Tekali River, and Liu River (Fig. 1 ). Based on Malaysian Meteorological Services Department, the mean annual temperature of Hulu Langat area of Selangor is 32°C with a mean maximum and minimum of 33°C. The mean temperature at night ranges from 24 to 28°C. The annual rainfall about 2,316.5 to 4,223.4 mm was recorded in the study area.
The Langat Basin is the most urbanized river basin in Malaysia and one of the most important basin which supplies water to two third of the state of Selangor. The Kuala Lumpur International Airport, West Port at Klang, the Multimedia Super Corridor, and administrative center of Putrajaya, all of which are situated in the Basin, also generate diversified development activities (Juahir et al. 2010 ). According to Bringemeier (2006) , the increasing numbers of water-intensive enterprises (e.g., steel works, pulp and paper industry, power plants) are shifting their water source from surface water to groundwater in order to cope with the water deficit and deteriorating surface water quality in the Langat Basin. The basin itself is expected to encounter water crisis in the year of 2035. Japan International Cooperation Agency (JICA) and JMG had successfully conducted a collaboration study on the sustainable groundwater resources and environmental management for this basin (JICA and JMG 2002; Thant 2002) . The results of the study showed that groundwater recharging areas are the upstream mountainous and hilly areas in the northern and middle part, and an aquifer distributes widely in the flat lowlands of southwest part of the Basin. Some researchers have conducted a study using integration of remote sensing and GIS method to produce groundwater prediction potential zone map in Langat basin. Recently, Suratman (2004) found that groundwater abstraction through wells construction and dewatering activities in the Basin is estimated to be 45,000 m 3 /day, which is nearly equivalent to the sustainable groundwater yield of the Basin.
The Langat basin is considered as the focus of recent developments as well as major hub for manufacturing industries in the Selangor State (Yusof et al. 2002) . Therefore, there are many studies in various disciplines especially environmental issues conducted in the most highly populated river basin in Malaysia such as heavy metal distribution (Sarmani 1989) , runoff estimation (Hong 2004) , integrated water resources management (Seng 2007), water sustainable development (Mokhtar et al. 2008) , soil vulnerability (Mohamed et al. 2009) , regional air quality (Latif et al. 2011) , spatial water quality assessment , organic contamination (Osman et al. 2012) , and human pharmaceutical (Al-Odaini et al. 2011) .
The geology of the study area consists of granite, sedimentary, alluvium, and volcanic rocks (Fig. 2) . Gobbet and Hutchison (1973) mentioned that the bedrock in the mountainous area includes Permian igneous rocks and PreDevonian schist and phyllite of the Howthornden Formation. The Howthornden Schist area exhibit welldeveloped foliation with foliation-parallel quartz veins (Hutchinson and Tan 2009).
According to Yin (2011) , the Horthornden Formation is composed of a succession of argillaceous and arenaceous deposit which is metamorphosed to schist, phyllite, and hornfels. Schist is predominant in the study area mainly comprising of quartz schist, mica schist, graphitic-quartz schist, and occasionally tourmaline-quartz schist and chlorite schist. The phyllite is gray to black in color and is similar to the graptolitic phyllite. The bedrock in the hilly area consists of phyllite, shale, and quartzite of Kajang Formation and Kenny Hill Formation. The Kajang Formation is of dark gray to black carbonaceous quartzmuscovite schist interlayer with thin bands and lenses of orange to buff quartz-muscovite with minor intercalation of marble and phyllite. The schist of Kajang Formation is essentially quartz schist and mica schist (Yin 1976) . The foliation planes in the schist are generally under formed although some puckering and minor fold exist. Quartz lenses occur occasionally along the foliation planes (Yin 1976) . The Kenny Hill Formation shows both soft sediment deformation structures and multiple tectonic deformations (Foo 1983) . The Kenny Hill Formation is therefore older than the granite and younger than the Kajang Formation. The age of this formation may be between the range from Middle Silurian to Triassic, possibly CarboniferousPermian. Geology of the lowlands consists of unconsolidated gravel, sand, silt, and clay of Simpang Formation of Pleistocene and Gula and Beruas Formations of Holocene. On the coastal plain, quaternary deposits consist of Palaeocene through Holocene unconsolidated gravel, sand, silt, and clay of the Simpang, Kempadang, Gula, and Beruas Formations unconformable overlay eroded bedrock and grow progressively younger and thicker towards the coast.
The structural trends of the rocks in the studied area are north-northwest. The regional geology map of the study area and its surrounding areas is shown in Fig. 2 . In general, aquifers in and around the Langat Basin are the alluvial sediments in the lowlands, the riverside alluvium sediments in the hilly and mountainous areas, and the limestone and marble are found in the neighboring Klang River Basin (JICA and JMG 2002) Fig. 1 The location map of the study area
Data and methodology
In order to apply the probabilistic-based frequency ratio model, a spatial database that considers groundwater factors was designed and constructed. All data are acquired from different government agencies in Malaysia. The spatial database constructed for the study area is shown in Table 1 . Eight groundwater-related factors such as elevation, slope, curvature, river density, lineament density, geology, soil, and land use were considered in calculating the probability. The input data were transformed into vector format of spatial layer in GIS environment. Contour lines from the 1:25,000 topographic maps were used to generate a DEM of the study area with spatial resolution of 20 m. Then, the slope angle and slope curvature were created from the DEM. The soil and land use map were obtained from Department of Agriculture, Malaysia. The lithology map of 1:63,360 scale was collected from the Department of Minerals and Geosciences (JMG). The lineament density map was produced using ArcGIS spatial analyst extension. In addition, the density of the drainage was calculated from the topographic database. Finally, the factors (Fig. 3) were converted to a raster grid with 20×20 m cells for application of the frequency ratio model. The study area grid was 3,285 rows by 4,001 columns (i.e., total number of cells is 6,117,068) and 19,200 pixels had groundwater well occurrences.
In this paper, groundwater data such as well number, topography, yield, and depth were collected from the JMG web-based database systems which also known as Minerals and Geoscience Information System. Due to limited availability of the data, indirect indicator of yield measurement was used in this model instead of hydraulic constants of specific capacity (SP) as done by Oh et al. (2011) . About h land use 142 measurement of yield from well locations were collected for frequency ratio modeling (Fig. 4) . However, only groundwater data with high potential yield of ≥11 m 3 /h were randomly selected and divided into a training dataset and validation dataset based on a 70/30 ratio ). The training dataset contained 48 (39 %) of the groundwater yield data, and the validation dataset contained 20 (14 %) of the groundwater yield data.
According to Borham-Carter (1994) , the frequency ratio is the probability of occurrence of a certain attribute. The frequency ratio model has been successfully applied in many studies of landslide susceptibility assessment (Lee and Pradhan 2006; Lee and Pradhan 2007; Akgun et al. 2008; Yilmaz 2009; Pradhan 2010a, b; Pradhan and Lee 2010; Pradhan and Youssef 2010; Pradhan et al. 2010a Pradhan et al. , 2010b Pradhan et al. , 2011 Pradhan et al. , 2012 ) and forest fire ). More recently, several researchers, such as Oh et al. (2011) and Ozdemir (2011) had used GIS-based frequency ratio approach for groundwater mapping. Oh et al. (2011) used a probability model of frequency model to assess the sensitivity of each factor and map the regional groundwater potential for the area of Pohang City, Korea. Ozdemir (2011) found that frequency ratio and weights of evidence model area are relatively good estimators compared to logistic regression in groundwater spring potential mapping in the Sultan Mountains (Konya, Turkey).
In this study, frequency ratio approach was used which is based on the observed relationships between distribution of groundwater well locations and each groundwater-related factor, to reveal the correlation between groundwater well locations and the factors in the study area. By using the frequency ratio model, the spatial relationships between groundwater well locations and each factors contributing groundwater occurrence were derived. Then, the frequency is calculated from analysis of the relationship between groundwater well and the attributing factors. Therefore, the frequency ratios of each factor's type or range were calculated from their relationship with groundwater well as shown in Table 2 .
In the relation analysis, the ratio is that of the area where groundwater wells occurred to the total area, so that a value of 1 is an average value. If the value is greater than 1, it means a higher correlation, and value lower than 1 means lower correlation Pradhan 2006, 2007; Pradhan 2010a, b; Pradhan and Lee 2010) . A positive correlation shows higher groundwater potential, meanwhile a negative correlation shows lower groundwater potential (Oh et al. 2011) .
For calculation of the groundwater potential index (GWPI), each factor's frequency ratio values were summed to the training area as shown in Eq. (1). The frequency ratio value represents the relative relationship to groundwater occurrence. So, the greater the value, the higher the groundwater occurrence, and the lower the value, the lower the groundwater occurrence:
(GWPI is Groundwater Potential Index; Wr is the rating of each factors' type or range). Figure 5 shows the overall flowchart of methodology adopted in this study. The groundwater potential map was made using the GWPI values for easy and visual interpretation.
Results and discussion
Frequency ratio model and relationship between groundwater-related factors The groundwater factors, i.e., elevation, slope, curvature, river, lineament, geology, soil, and land use were chosen and evaluated using the frequency ratio model to determine the level of correlation between the location of the groundwater in the study area and these factors. The relationship between groundwater occurrence and slope (Table 2) shows that flat to gentle slopes have greater groundwater probabilities. For slope 0 to 1°, the ratio was >1, which indicated a high probability of groundwater occurrence. As the slope increases, then the runoff increases as well (Israil et al. 2006) leading to less infiltration (Jaiswal et al. 2003) . According to Madrucci et al. (2008) , the slopes greater than 35°are considered as constraints on groundwater favorability due to absence of springs. In the case of curvature, flat areas have a higher ratio of 1.14. Concave areas had a frequency ratio of 0.30. The curvature values represents the morphology of the topography with a positive curvature which shows the surface is upwardly convex, a negative curvature which indicates upwardly concave, and a value zero which indicates the flat surface. A concave slope contains more water and retains this water for a longer period especially during heavy rainfall (Lee and Pradhan 2006) . Therefore it is more favorable for groundwater compared to the convex slope. For geological factors (Table 2) , it was found that in the case of lithology, the frequency ratio was higher in clay, silt, sand and gravel areas, and was lower (0.26) in acid intrusive (undifferentiated) areas. Acid intrusive of igneous rocks are primarily hard and compact in nature and lack of primary porosity (Dar et al. 2011) . This rock type is assumed as poor groundwater potential due to difficulty in terms of groundwater movement (Thakur and Raghuwanshi 2008) . In the case of land use (Table 2) , the groundwater occurrence values were higher in water bodies, urban areas, and swap areas, and low in rubber and other crops. For soil type, the frequency ratio was higher for gravel clay silty clay-clay (5.51), sandy clay (3.14), and sand (2.36), and was lower (0.0-0.37) in other series such as coarse sandy-clay (0.30) and sandy loam sandy clay (0.37). Sandy soils are good according to their influence on groundwater occurrence due to excellent rate of infiltration (Srivastava and Bhattacharya 2006) . Similarly, clay is classified as poor due to poorly drained and lowly permeable (Chowdhury et al. 2009 ).
In the case of elevation, for elevation value between 20 and 177 m, the frequency ratio was >1, which indicates a high groundwater occurrence probability, and for elevation value between 731 and 872 m, the frequency ratio was <1, indicating a low groundwater occurrence probability. However, for elevation value between 305 and 446 m, the frequency ratio was 2.05 which is more than 1. This result indicates that the groundwater probability decreases with the elevation value. Higher elevation areas had a higher runoff, whereas lower elevation area has more recharge and higher infiltration. For lineament density, it can be seen that as the lineament density increases, the groundwater frequency generally increases. At lineament density between 0.000052 and 0.000164 km/km 2 , the frequency ratio was <1, indicating very less probability of groundwater occurrence, and at lineament density between 0.000281 and 0.000392 km/km 2 , the ratio was >1, indicating a high probability. However, at a lineament density value between 0.000504 and 0.0000628, the frequency ratio was 0.60 which is due to the less number of lineaments in the study area. Frequency ratio is high in the river density value between 0.001927 and 0.002442 km/km 2 , groundwater occurrence potential is lower in areas where river density is between 0 and 0.000114 km/km 2 .
Validation of groundwater potential map
In the study area, the GWPI index values were between 43 and 9277 for each pixel, with the average value of 943 and a standard deviation of 824. Then, the GWPI values were reclassified into four different groundwater potential zones, according to the classification method that was used by JMG. The groundwater potential classes are low, moderate, high, and very high. The resulting map of groundwater potential generated based on frequency ratio is shown in Fig. 6 . The result indicates that about 15 % of the study area falls within low, whereas another 20 % lies within moderate potential and less than 5 % falls within very high. The results showed that majority of the area are in zone of high potential (60 %). The critical strategy in prediction modeling is the validation of predicted results so that the results can provide a meaningful interpretation with respect to potential groundwater. To apply this validation, we used success rate and relative operating characteristics curve (ROC) by comparing the existing well locations with the groundwater potential map obtained by frequency ratio model. Using the groundwater yield grid cells in the training dataset, the success rate results were obtained. The success rate curves were obtained by using the training dataset of 89.25 % (48 well locations). Figure 7 shows the success rate curve of the groundwater potential map. Since the success rate method used the training groundwater pixels that have already been used for building the groundwater models, the success rate is not a suitable method for assessing the prediction capability of the models (Bui et al. 2011 ). However, the success rate method may help to determine how well the resulting groundwater potential map has classified the areas of existing groundwater yield locations (Bui et al. 2011) . The prediction rate (ROC curve) explains how well the model and predictor variables predict the groundwater potential (Bui et al. 2011) . An ROC curve showed that the sensitivity of the model of the ROC curve (in our case, the percentage of groundwater cells correctly predicted by the model) was plotted against 1-specificity (the percentage of predicted groundwater cells relative to the total). These values indicate the ability of the model to correctly discriminate between positive and negative observations in the validation sample. High sensitivity indicates a high number of correct predictions (true positives), whereas high specificity (a low 1-specificity difference) indicates a low number of false positives. For instance, a conservative model, which predicts most of the cells as being non-groundwater zone, would have high sensitivity but low specificity (high number of false positives). The area under the ROC curve can serve as global accuracy statistic for the model and it is thresholdindependent. This global accuracy statistic ranges from 0.5 (random prediction represented by a diagonal straight line) to 1 (perfect prediction) and can be used for model comparisons (Yesilnacar 2005; Cervi et al. 2010) . In this study, the results showed 84.74 % accuracies with standard error of 0.0625 for the frequency ratio model (Fig. 7) . The results obtained in this study also showed that the frequency ratio model can be used as a simple tool in the assessment of groundwater potential mapping when a sufficient number of yield data are obtained. The input processes, calculations, and output processes of this method are simple and can be readily understood using the frequency ratio model (Pradhan and Lee 2010) .
Conclusions
The conclusions and future work attained from this research of the frequency ratio model for groundwater potential mapping are as follows:
1. The groundwater potential map based on frequency ratio with a yield of ≥11 m 3 /h indicates that low, moderate, high, and very high groundwater potential classes occupy 15, 20, 60, and 5 % of the study area, respectively. However, these results output is different from the existing groundwater potential map produced by JMG which shows about 25 % of high potential zones. This may be due to the number of groundwater factors involve in this study which is eight (elevation, slope, curvature, river, lineament, geology, soil, and land use) compared to the previous map which considered lithology as a single factor (Manap et al. 2011) . 2. The frequency ratio results showed a high-frequency ratio in areas with slopes 0 to 1°; flat curvature; lithology of clay, silt, sand, and gravel; elevation between 20 to 70 m; soil type of fine sandy clay; and high density of lineament. The high-frequency ratio indicates a high groundwater occurrence probability. The validation of a map that used eight factors showed the accuracy of 84.78 %. The validation results indicate a viable application of the frequency ratio model in groundwater potential mapping. The result obtained in this paper will help or be used as a guide by related agencies for future groundwater exploration, planning, and management in Malaysia. 3. The selection of the eight groundwater factors was based on the availability of the data in the study area. For future research, it is suggested to include many available hydrological factors to improve the prediction accuracy of groundwater potential map. Apart from that, this study only uses groundwater well data compiled by the JMG for model building and validation. It is suggested that more groundwater well data should be included in the future which can be obtained from the private sectors as well. The spatial relationship results between the groundwater yield and the conditioning factors also may be transferable to other areas of similar hydrological characteristics particularly for hard rock terrain areas.
